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ABSTRACT 
Regenerat ive f u e l  c e l l  (KFC) sys tems a r e  one of t he  l e a d i n g  energy 
s torage candidates f o r  Space S ta t i on .  Key des ign f e a t u r e s  i n c l u d e  i t s  
advanced s t a t e  o f  technology read iness  and h i g h  degree o f  system l e v e l  
des ign f l e x i b i l i t y .  Technology readiness has been demonstrated through 
ex tens i ve  t e s t i n g  a t  t h e  s i n g l e  c e l l ,  c e l l  stack, mechanical a n c i l l a r y  
component, subsystem, and breadboard l e v e l s .  Design f l e x i b i l i t y  
c h a r a c t e r i s t i c s  i n c l u d e  independent s i z i n g  o f  power and energy s to rage  
p o r t i o n s  o f  t h e  system, i n t e g r a t i o n  o f  common r e a c t a n t s  w i t h  o t h e r  Space 
S t a t i o n  systems, and a wide range o f  va r i ous  maintenance approaches. These 
design f e a t u r e s  have l e d  t o  s e l e c t i o n  of  a KFC systern as the  s o l e  
e lect rochern ica l  energy s to rage  technology o p t i o n  f o r  t h e  Space S t a t i o n  
Advanced Devel oprnen t Program. 
INTRODUCTION 
The RFC program was i n i t i a t e d  i n  1979 by OAST t o  b r i n g  f u e l  c e l l  and 
e l e c t r o l y s i s  technology t o  a l e v e l  o f  f l i g h t  readiness by i987. The program 
has been a j o i n t  e f f o r t  b y  NASA Lewis Research Center (LeRC) and NASA 
Johnson Space Center (JSC) . The LeRC program has been d i r e c t e d  toward 
development of  a l k a l i n e  technology, w i t h  f u e l  c e l l  work be ing  conducted a t  
Un i ted  Technologies Corp. (UTC) and e l e c t r o l y s i s  work a t  L i f e  Systerns, Inc.  
(LSI) .  The program a t  JSC has been d i r e c t e d  toward bo th  a c i d  SPE f u e l  c e l l  
and e l e c t r o l y s i s  technology, t he  work conducted a t  General E l e c t r i c  Company 
(GE). More r e c e n t l y ,  t h e  work sponsored o u t  o f  LeRC has been aimed a t  
a l k a l i n e  c e l l  co~nponent technology, s p e c i f i c a l l y  i n  t h e  areas o f  e l e c t r o d e  
c a t a l y s t s ,  u n i t i z e d  e l e c t r o d e  assemblies, c e l l  frames, separa to r  matr ices,  
feed-water c a v i t y  matr ices,  e l e c t r o l y t e  r e s e r v o i r  p l a t e s  (ERP's), and 
decay modeling. The JSC work has focused on bo th  a l k a l i n e  and a c i d  SPE 
systern technology, n a i n l y  i n  t h e  areas of mechanical a n c i l l a r y  cornponents 
and breadboard dernonstrations. 
A d e t a i l e d  in-house des ign s tudy  has been performed a t  LeRC t o  
i n v e s t i q a t e  the  m e r i t s  of the a l k a l i n e  and a c i d  SPE technology op t ions .  The 
r e s u l t s  o f  t h i s  s tudy  have shown t h e  a l k a l i n e  f u e l  c e l l  - a l k a l i n e  
e l e c t r o l y s i s  RFC t o  be t h e  bes t  o p t i o n  f o r  f u r t h e r  development; i n  terms o f  
system complex i ty ,  performance, development cost ,  and r i s k .  The end-itern 
d e l i v e r a b l e  o f  t h i s  program w i l l  be a 10 KW a l k a l i n e  eng ineer ing  rnodel 
system (EMS) b y  1987. The systern s h a l l  he capable o f  demonstrat ing f u l l  
i n t e g r a t i o n  w i t h  autonomous c o n t r o l ,  h i g h  vo l t age  ope ra t i on  ( >  - 100 Vdc) and 




A l k a l i n e  f u e l  c e l l s  a re  a  f l i g h t - q u a l i f i e d  aerospace technology.  An 
e x t e n s i v e  da ta  base has been generated th rough  t h e  S h u t t l e - O r b i t e r  program, 
bo th  i n  q u a l i f i c a t i o n  t e s t i n g  and i n  a c t u a l  m i ss i on  performance. 
Improvements t o  t h i s  technology, i n  t h e  e l ec t r ochem ica l  and mechanical  
a n c i l l a r y  coinponent p o r t i o n s  o f  t h e  system, a re  a l r eady  under way. 
I n  t h e  e l ec t r ochem ica l  c e l l  component area, key  i t ems  a r e  t h e  c e l l  
frame, separa to r  m a t r i x ,  ERP, and anode c a t a l y s t .  Replac ing t h e  p resen t  
f i berg1 asslepoxy frame w i t h  po lypheny lene s u l f i d e  (PPS) and t h e  c u r r e n t  
asbestos m a t r i x  w i t h  potass ium t i t a n a t e  (PKT) a re  bo th  aimed a t  carbonate 
r educ t i on ,  which w i l l  lower  t h e  degrada t ion  r a t e  o f  t h e  c e l l  b y  an o r d e r  o f  
magnitude and ex tend  l i f e .  S u b s t i t u t i o n  o f  g r a p h i t e  f o r  t h e  p resen t  n i c k e l  
ERP w i l l  reduce c e l l  we igh t  almost i n  h a l f ,  w h i l e  u t i l i z i n g  a  
plat inum-on-carbon anode c a t a l y s t  i n  p l a c e  o f  p l a t i num/pa l l ad i um w i l l  a l s o  
reduce degrada t ion  and ex tend  l i f e .  Ongoing endurance t e s t  r e s u l t s  f o r  a  
s i x - c e l l  s tack  and f o u r - c e l l  s tack  a t  UTC a re  shown i n  F igures  1 and 2, 
r e s p e c t i v e l y .  The s i x - c e l l  s tack  i nco rpo ra tes  a  plat inum-on-carbon 
c a t a l y s t ,  w h i l e  t h e  f o u r - c e l l  s tack  i s  composed o f  a  PKT ma t r i x ,  g r a p h i t e  
ERP, and p l  atinum-on-carbon c a t a l y s t .  PPS frames i n  v a r y i n g  combinat ions 
w i t h  these  o t h e r  e l ec t r ochem ica l  c e l l  component improvements a re  be ing  
t e s t e d  under Navy and UTC IR&D programs. 
Key i tems i n  t h e  mechanical  anc i  11 a r y  component area a re  t h e  dua l  
p ressure  r e g u l a t o r ,  thermal  c o n t r o l  va lve,  c o o l a n t  pump, and hydrogen 
pumplseparator.  Reduct ion o f  i n t e r n a l  wear t o  t hose  components w i t h  moving 
p a r t s  i s  t h e  ma jo r  a c t i v i t y .  S p e c i f i c a l l y ,  improved bea r i ng  l u b r i c a n t  sea l s  
and advanced b e a r i n g  concepts a re  under i n v e s t i g a t i o n .  Endurance t e s t i n g  
w i l l  v e r i f y  f e a s i b i l i t y .  
ELECTROLYSIS 
A l k a l i n e  e l e c t r o l y z e r s  a re  n o t  f l i g h t - q u a l i f i e d .  However, a  
s u b s t a n t i  a1 d a t a  base e x i s t s  f o r  1  i f e  suppor t  and t e r r e s t r i  a1 hydrogen 
p r o d u c t i o n  a p p l i c a t i o n s .  As w i t h  a l k a l i n e  f u e l  c e l l s ,  imp r~vemen ts  t o  t h e  
e l ec t r ochem ica l  and mechanical  a n c i l l a r y  component p o r t i o n s  o f  t h e  system 
a re  under way. 
I n  t h e  e l ec t r ochem ica l  c e l l  component area, key  i tems a re  u n i t i z e d  
e l e c t r o d e  assembl ies and t h e  feed-water c a v i t y  m a t r i x .  U n i t i z e d  co re  
c o n s t r u c t i o n  improves c e l l  s e a l i n g  r e l i a b i l i t y  and r e p r o d u c i b i l i t y .  
Rep lac ing  t h e  c u r r e n t  asbestos feed-water  c a v i t y  m a t r i x  w i t h  a  porous 
hydrophobic  sheet  w i l l  a l l o w  passage o f  any evo lved  gaseous hydrogen from 
t h e  feed-water c a v i t y  t o  t h e  hydrogen c a v i t y .  Ongoing performance o f  
p resen t  aerospace techno logy  has a l r e a d y  been demonstrated, as can be seen 
i n  F i g u r e  3. Tes t  r e s u l t s  f o r  a  s i x - c e l l  s tack  i n c o r p o r a t i n g  u n i t i z e d  
e l e c t r o d e  assemblies a re  shown i n  F i g u r e  4. Successfu l  sca le-up of c e l l  
a c t i v e  a rea  has been v e r i f i e d  i n  a  DOE program a t  LSI.  
Key i tems i n  t h e  mechanical  ancl' i 1 acy componentaai-ea a re  i h e  coo l  ant  
c o n t r o l  assernbly, f l u i d s  c o n t r o l  assernbl y, and f l u i d s  pressLfre conti-01 l e r  
Each o f  these  compoiients combines seve ra l  F u n c t ~ o n s  (va ' i \~es ,  sehsoias. e t c ,  ) 
i n  o rde r  t o  s i m p l i f y  t he  subsystem. Successfu l  endurance t e s t i n g  con i inues  




A s imp le  RFC system schematic diagram i s  shossn i n  F i g u r e  5 ,  The system 
c o n s i s t s  p r i m a r i l y  o f  t h r e e  subsystems; f u e l  c e l l ,  e l e c t r o l y s i s z  atid 
r e a c t a n t  s torage,  The power p o r t i o n  o f  t h e  system i s  t he  f u e l  c e l l  and 
e l e c t r o l y s i s  subsystems, bo th  separa te  u n i t s .  The energy s to rage  p o r t i o n  i s  
t h e  r e a c t a n t  s to rage  subsystem. Because O F  t h e  separa te  , iatc/re o f  these 
subsystems, independent s i z i n g  f o r  a  p a r t i c u l a i -  m i s s i o n  a p p l i c a t i o n  i s  
poss ib l e ,  T h i s  i s  n o t  t r u e  o f  b a t i e r y  systems, where r e a c t a n t s  a re  s t o r e d  
i n  the  e l e c t r o d e s  themselves. The RFC systern i s  thus  ve r y  adaptab le  t o  
d i f f e r e n t  peak and emergency power cond i t i ons ,  where power loads  (Kg) and 
energy s to rage  loads (KW-hr) may n o t  be d i r e c t l y  r e l a t e d  and c o u l d  va ry  
s u b s t a n t i a l l y  For  t h e  Space S t a t i o n ,  
INTEGRATION WITH OTHER SYSTEMS 
The RFC system i s  amenable t o  b o t h  c l osed  l o o p  ( i n t e r n a l  r e a c t a n t  
supply/demand) and open loop  ( e x t e r n a l  reac tanb  supplyldemand) ope ra t i on  
The fo rmer  i s  t y p i c a l  o f  b a t t e r y  systems, w h i l e  t h e  l a t t e r  t y p e  o f  ope ra t i on  
a l l ows  f o r  i n t e g r a t i o n  w i t h  o t h e r  Space S t a t i o n  systems th rough  sha r i ng  of 
common r e a c t a n t s .  The o t h e r  systems i n c l u d e  l i f e  suppor t ,  p ropu ls ion ,  aod 
p o s s i b l y  space manufac tu r ing*  Ha te r  can t h e r e f o r e  be t h e  l o g i s t i c  f u e l  f o r  
a1 1  these  systerns, e i t h e r  used d i r e c t l y  o r  r e a d i l y  convei-ted t o  qaseous 
hydrogen and oxygen through e l e c t r o l y s i s .  Scavenging o f  r e s i d u a l  
S h u t t l e - O r b i t e r  c ryogen ics  may be another  f o rm  o f  i n t e g r a t i o n  p o s s i b l e  w i t h  
an open l oop  system, 
MAINTENANCE APPROACHES 
Separate subsystems a l s o  make p o s s i b l e  va r i ous  maintenance schemes, 
The mechanical  anc i  11 a r y  coinponents as opposed 'Lo t h e  e lec tcochemica l  
p o r t i o n s  o f  t h e  system are  g e n e r a l l y  reqarded as t h e  l e a s t  i tems.  
Depending on redundancy requi rements ,  packaqing o f  system elements can be 
performed i n  such a  way as t o  m in im ize  t h e  impact o f  a  f a i l u r e z  For  those 
i tems w i t h  t h e  l e a s t  r e l i a b i  1  i ty ,  p a r a l l e l  p lumbing \ f ~ i t h  m u l t i p l e  mechanical  
-- 
a n c i l l a r y  components rnay be t h e  optirnum approach, Ihe o r b i t a l  replacement 
u n i t  (ORU) ph i losophy  w i l l  d i c t a t e  which g roup ing  o f  system elements i s  t h e  
most advantageous, Any arrangement f r o m  an e n t i r e  system t o  an i n d i v i d u a l  
component i s  poss ib l e ,  Rep1 acernerit and i n t r o d u c t i o n  o f  new techno logy  i n  
bo th  t h e  e lec t rochern ica l  and mechanical  a i i c i l l a r y  component p o r t i o n s  o f  t h e  
systern thus  becomes rnore 1  i k e l y  as we1 1. 
CONCLUDING REMARKS 
Regenerat ive f u e l  c e l l  systems o f f e r  many advantages over  o t h e r  
competing energy s to rage  systems f o r  t h e  Space S t a t i o n  a p p l i c a t i o n .  
Technology read iness  has been demonstrated th rough  p a r t i a l  f l i g h t  
q u a l i f i c a t i o n  and a s i g n i f i c a n t  endurance t e s t  da ta  base f o r  t h e  f u e l  c e l l  
and e l e c t r o l y s i s  subsystems. The i n t e g r a t e d  system o f f e r s  an i n h e r e n t  
des ign f l e x i b i l i t y  due t o  t h e  separate  n a t u r e  o f  t h e  r e a c t a n t  s to rage  
subsystem. These des ign  f e a t u r e s  have l e d  t o  s e l e c t i o n  o f  an a l k a l i n e  RFC 
as t h e  e l ec t r ochem ica l  energy s to rage  system techno logy  o p t i o n  f o r  t h e  Space 











































Electrolysis Storage Fuel Cell 
















Figure 5. RFC system schematic di~tgra~m 
